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(57) [Abstract] 

[Objective] Manufacturing method of semiconductor laser which is 
superior in mass productivity and yield rate isoffered. 

[Constitution] To on electrode formation surface of laser wafer 10, It 
selects forms stripe mask layer 1 3a of multiple which possesses 
width inthe laser light advancing direction step ((a)(b)) which, 
Until active layer 1 1 cross section exposes laser wafer 10 other than 
masked site at least, theetching doing, after forming dielectric film 1 5 
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of predetenrined thickness in step ((c)) and the entire surface which 
form rectangular groove 1 4 of multiple with step ((dXe)) which 
removesthe aforementioned mask layer 1 3a and separating cutting off 
laser wafer, thestep ((f)) which forms in laser bar or laser chip of 
multiple it did in this order.tried to form dielectric film 1 5 with wafer 
step. 



(b) 



(d) 



(e) 



II 

HO 



130 130 I3o l3o 

P7771 gBZj JZZZZL 



'f 'f 'f 'f f 




.(f)' 



rnttx. L/^+f/ ^-xii 



[Qain<s)] 

[Claim 1] Being a method which prodix^ laser 

nultiple with laser waferwhich imbedded active layer which 

becomes laser oscillation region inside seni conductor crystal 

surface ofbalance with electrode fcrmation surface as starting material, 



On electrode formation surface of aforementioned laser wafer, stripe m 
ask layer of multiple whichpossesses width in light propagation 
direction mask formation step which it selects forms inthe parallel 
array. 

Until active layer cross section exposes at least, etching doing laser 
wafer other thanthe masked site, from electrode formation surface, 
wafer etching step which forms rectangular groove of thenultiple 
where side surface part becomes electrode formation surface and 
approximately perpendicular. 

Etching after forming dielectric film of predetermined thickness in ent 
ire surfece of thelaser wafer which is done coating step which 
removes aforementioned mask layer. 
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Sepaming cutting off laser wafer, manufacturing method ofserricond 
uctor laser whichdesignates that it passes molding step which forms 
in laser bar or laser chip of therrultiple at least to this order as feature. 



[Q aim 2] Manufacturing method of semiconductor laser which is st 
ated in Claim 1 which designatesthat it is a multilayer film where 
aforementioned dielectric filmconsists of theamorphous Si and 
amorphous SiQ2 as feature. 

[Claim3] As for aforementioned molding step, bottomsurfacepartof 
electrode formation surface and theaforementioned rectangular 
groove manufacturing method of semiconductor laser which is 
stated in theCiaim 1 which designates that step which is cut off in 
respectively light propagation directionand perpendicular direction 
is included as feature. 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention relates to manufactu 
ring method of semiconductor laser, compared to in detail/egerds 
manufacturing method of resonator where dielectric filmof high 
reflectivity was formedto at least one of light reflecting surface. 

[0002] 

[Prior Art] As for semiconductor laser condition of two of induced e 
mission (photon emission) and resonator structurebecorres essential, 
induced emission is actualized with inverse distribution due to 
carrier injection, resonator structurebeing parallel to optical, is 
actualized by fact that it formsthe flat both end faces structure (light 
reflecting surface). 

[0003] Coating to do, dielectric filmof high reflectivity it becomes eff 
ective means in theerdface of at least one of this semiconductor laser 
when increase of light output, decreaseof threshold and 
improvement etc of temperature characteristic assure. Recently 
especially, because making high performance can assure with 
serricorrfuctor laser whichpossesses active layer of stripe structure, 
it is well done. 

[0004] Until recently, coating of dielectric film in seniconductor las 
er of this kind wasdone with protocol below. 

[0005] First, inside semiconductor crystal surface of balance with to 
p part electrode formation surface, imbedding stripe active layerof 
multiple which becomes laser oscillation region to light 
propagation direction and parallel array, itforms laser wafer. On for 
example InP substrate it actualizes this by fact that crystal growth it 
doesmaking use of organic metal vapor phase deposition method 
(OMVPE method) etc. 

[0006] Next, shaving this laser wafer from back surface, it makes thin, 
forms the bottom part electrode formation surface. After that, this 
laser wafer is done cutting ( cleaving ) vertically to light 
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propagation direction, itis parallel to optical and laser bar of 
nultiple which possessesthe flat both end feces structure is 
obtained. 

[0007] After that, as shown in Figure 3, endface of each laser bar 30 
coatingof respectively dielectric film 34 is done on one hand 
Furthermore, in Figure 3, as for 31 as for active layer and the3 2, 3 3 
electrode of first and second is shown. 

[0008] 

[Problems to be Solved by the Invention] This way, because until re 
cently, coating of dielectric film 34 is done inevery individual laser 
bar 30, job was complicated, furthermore nonuniformofthe handling 
mistake and coating amount occurred and caused yield decrease. 
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[0009] In addition, there was a quantitative constraint even in laser 
bar which can be producedat one tine, quite it was difficult to hold 
down production cost of the semiconductor laser low. 

[0010] As for this invention being something which can be done to 
origin ofthe background which catches, it is to offer namifecturing 
method of semiconductor wherethe purpose is superior in rrass 
productivity, at same time can assure theimprovement of yield 

[0011] 

[Means to Solve the Problems] As for manufacturing rethod of serric 
onductor of this invention, being a method whichproduces laser bar 
or laser chip of nultiple with laser wafer which imbedded theactive 
layer inside semiconductor crystal surface of balance with electrode 
formation surface as starting material, on theelectrode formation 
surface of aforementioned laser wafer, stripe mask layer of multiple 
whichpossesses width in light propagation direction mask 
formation step which it selects forms inthe parallel array. Uhtil 
active layer cross section exposes at least, etching doii^ laser wafer 
other thanthe masked site, from electrode formation surface, wafer 
etching step which forms rectangular groove of themultiple where 
side surface part becomes electrode formation surface and 
approximately perpendicular, etching after fonriig dielectric film of 
predetermined thickness in entire surface of thelaser wafer which is 
done coating step which removes aforementioned made layer. 
Separating cutting off laser wafer, it designates that it passes 
themolding step which forms in laser bar or laser chip of multiple at 
least to this order asfeature. 

[0012] Furthermore, it forms dielectric film with rrultilayer film whic 
h consists oftheamorphous Si and amorphous SiQ2 , in addition, 
aforementioned molding step designatesthat step which is cut off in 
respectively light propagation direction and perpendicular 
direction is includedthe bottom surface part of electrode fonration 
surface and aforementioned rectangular groove as feature. 

[0013] 



[Work or Operations of the Invention] By fact that it passes rrask for 
mation step and wafer etching step, laser unit of themultiple which is 
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separated into laser wafer of one with rectangular groove isforrred 
When it grows, side surface part of rectangular groove, entire 
surface which includes the bottom surface part , and rrask layer 
coating is dons dielectric filmsinultaneously with this state. When 
mask layer is removed here, each electrode formation surface exposes, 
dielectric filmof theother aspect remains. And, by feet that molding 
step is administered, laser bar or laser chip of thenultiple where 
dielectric film was formed to at least one of both end feces isacquired. 
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[0014] Furtherrrore, laser light being reflective surface dielectric fil 
m by making multilayer filmwhich consists of amorphous Si and 
amorphous SiQ2, it is reflected at, ahigher ratio. In addition, by fact 
that it cuts off in respectively ligfit propagation direction and 
perpendicular directionthe dielectric film is formed bottom surface 
part of electrode formation surface and rectangular groove by 
endfaceof one side of laser bar with molding step, endface of 
otherbecomes cleaved surface. 

[0015] 

[Working Example(s)] Below, referring to drawing, you explain Wor 
king Exanple of this invention 

[0016] Figure 1 is process diagram of manufacturing method of semic 
onductor which relates to thethis invention, with preprocessing it 
forms with electrode formation surface of top and bottom bottom 
surface part and thestripe active layer of multiple parallel array in 
interior semiconductor crystal surface and it designates laser wafer 
whichbecomes as starting material. This point it is similar to method 
until recently. 

[0017] Figure 1 (aXb) is structure cross section which shows rrask f 
ormation step. First, as shown in Figure 1 (a), in electrode formation 
surface of top surface of laser wafer 10,after installing stripe electrode 
(electrode of first) 1 2 of nultiple which possesses thewidth in 
longitudinal direction (light propagation direction) and right angle 
direction of active layer 1 1, applying resist tothe entire surface, it 
forms mask layer 13. Furthermore, replacing to resist, it is possible 
also in made layer 13 ,to use SiQ2 or other silica, in addition, to 
multilayer filmof resist and silicait is good 

[0018] After that, is removed mask layer 13 other than on stripe elect 
rode 12 with such as photolithography. Because of this, as shown 
in Figure 1 (b), stripe mask layer 1 3a of nultiple whichpossesses 
width in light propagation direction is selected is formed in parallel 
array. 

[0019] Wafer etching step is executed next. Namely, with irask laye 
r 13a laser wafer 10 other than site which maskingis done, until 
cross section of active layer 1 1 exposes at least, reactive ion etching 
(RIE) isdone from electrode formation surface, rectangular groove 14 
of nultiple where side surface part becomesthe electrode formation 
surface and approximately perpendicular is formed. Because of this, 
as shown in Figure 1 (c), laser unit 15 of nultiple whichis separated 
with rectangular groove 14 is formed, simultaneously on laser wafer 
10. 
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[0020] Cbating step is executed with this state. Namely, as in entire 
surface of laser wafer which passes wafer etching step, shown inthe 
Figure 1 (d), dielectric film 15 of predetermined thickness it grows 
sinultaneously. It actualizes this making use of CVD rrethod or 
sputtering method etc. As for material of dielectric film 15, those 
which possess reflectivity of the50 % higher vis-a-vis laser light 
were desirable, with this working example, used themultilayer film 
of amorphous Si/ SiQ2. Because of this, it was verified hi^i 
reflectivity of approximately 80 % withexperiment after conpleting 
that it is acquired. 

[0021] After dielectric film 15 formation mask layer 13 of remainder a 
nd dielectric fi lm 1 5 of thetop surface it peels off together making use 
of orgpnic solvent Because of this; as shown in Figure 1 (e), it 
becomes side surface part (laser unit edge surface) of eachrectangqlar 
groove 14 and state where dielectric film 1 5a was formed to only 
bottom surface part With this time point second electrode 16 is 
fonred in bottom surface entire surface of laser wafer 10. Furthermore, 
it is good forming this second electrode 16 simultaneously with 
theelectrodel2offirst. 

[0022] Figure 2 is external appearance oblique diagram oflaser wafer 
which passes this step, before tothe laser bar separating cutting off, 
dielectric film 1 5a of uniform thickness coating isdone in both end 
faces, at same time also electrode 1 2, 1 6 of first and second isformed. 

[0023] Next you explain concerning molding step oflaser wafer. Wi 
th this step, respectively cutting off electrode 12 of first 
andapproximately cento- of bottom surface part of rectangular groove 
in light propagation direction andverticality in laser wafer of shape 
of Figure 1 (e) and Figure 2, itforms laser bar of miltiple. 
Furthermore, it is good to isotropic cutting off only bottom surface 
part center of the rectangular groove. Figure 1 (f) has shown 
exanple which combines these cutting. 

[0024] Way it shows in Figure 1 (f), when bottom surface part of elec 
trode formation surface and rectangular groove 14the step which is 
cut off in respectively light propagation direction and perpendicular 
direction is included, onthe other hand, dielectric film 15 is fonred 
by only endface, laser bar wherethe other end aspect beconres 
cleaved surface is acquired with same step. 

[0025] Laser bar which it acquires in this way packaging is done wi 
ththepostprocessing, metallization meirber is allotted, 
semiconductor laser which laser light radiation isdone is completed 
from cleaved surface. 

[0026] Furthermore, with this working example, you explained cone 
errringstep whichproduces laser bar mainly, bait when laser chip 
which is separated every for example each active layer 1 1 is 
produced, after to individual laser bar separatingcutting off, from 
bottom surface part of rectangular groove 14 it cuts off in 
longitudinal direction ofthe active layer 1 1, forms second electrode 
16 in this cut surface. And every active layer 1 1 separatingcutting 
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[0027] 

[Effects of the Invention] As above explained, Because with this inv 
ention, as it selects forms stripe mask layer of nultiple inthe laser 
wafer, etchirg doing laser wafer other than masked site, with thetime 
point which formed rectangular groove of nultiple where side 
surface part becomes theelectrode formation surface and 
approximately perpendicular it formed dielectric filmof 
predetermined thickness in entire surface ofthe laser wafer, after that 
it just passes with mask layer removal and molding stepit can 
acquire semiconductor laser bar. Therefore, production step it is 
sirrplified in comparison with past, thereis an effect to which 
productivity improves markedly. 

[0028] In addition, because dielectric film is formed with wafer step, 
handling iseasy, film layer of individual laser bar or laser chip 
becomes uniform and theuniform thickness. Therefore, there is an 
effect which can produce semiconductor laser with thehigfr yield rate. 

[0029] Furthermore, because dielectric film was formed with miltilay 
er film whichconsists of amorphous Si and amorphous SiQ2 , 
reflectivity of 80 % can beacquired vis-a-vis laser ligfo, can 
actualize HR(High Reflection) shape resonator structureeasily. 

[0030] In addition, because molding step, bottom surface part of ele 
ctrode formation surface and rectangular grooveincludes cutting 
step which is cut off in respecti vely light propagation direction and 
perpendicular direction, thelaser bar or laser chip of both surfaces 
coating structure and one surface coating structure is acquired with 
same step. Because of this, molding step is simplified, becomes 
especiaJly effective meansin production of trace many 
semiconductor laser. 



[BriefExplanation of the Drawings)] 

[Figure I ] To be a process diagram which shows Working Example 
of semiconductor manufacture method of this invention, as forthe (a) 
(b) mask formation step. As for (c) wafer etching step. As fa* (dXe) 
coating step, (f) displays molding step. 

[Figure 2] It is a external appearance oblique diagram of laser wafer w 
hich passes coatii^ step of this working example. 

[Figure 3] It is a external appearance oblique diagram of laser bar whi 
ch explains conventional coating step. 

[Explanation ofReference Signs in Drawing?] 

10, 30... laser wafer ,11,31... active layer , 1 2, 1 6, 3 2, 3 3... dec 
trode, 13... made layer, 14... rectangular groove, 15, 15aand34... 
dielectric film. 
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